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AB Adenoviral vectors, which have targeting ligands for tumor cells 
on the capsid, no natural tropism, and carry a therapeutic 
payload should be constructed soon and tested in pre-clinical models. 
Nevertheless, there are still important considerations for the design and 
therapeutic use of targetable vectors. Perhaps the single greatest 
challenge in the future, as it was in the past, will be finding 
ligands that have a higher apparent affinity for tumor and/or 
tumor endothelial cells then normal cells. However, the advent of many 
rapidly advancing technologies and information including the sequencing of 
the human genome, in vivo and in vitro phage display, rapid analysis of 
gene and protein expression in any context, and new cellular targets such 
as angiogenic endothelial cells, may provide many opportunities for the 
discovery of novel and useful ligands. In addition, the 

interests in targeting vectors are rapidly growing with new journals and 
meetings solely devoted to this subject increasing annually. Within the 
next 5 years, we should have meaningful clinical data on targetable 
vectors to reassess our progress. 
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AB The inability of adenovirus to infect primitive hematopoietic 

cells presents an obstacle to the use of adenovirus vectors for 

gene transfer to these cell types. Therefore, expanding the tropism of 

adenovirus vectors to unique cell surface antigens would 

be an important development for gene therapy protocols. In this study, we 

sought to redirect infection of adenovirus vectors to primitive 

human hematopoietic cells that universally express the c-Kit receptor on 

their cell surface. To accomplish this, a vector was 

constructed by covalently linking biotin molecules to recombinant 

adenovirus, followed by addition of the biotinylated 

ligand for the c-Kit receptor, stem cell factor (SCF) , through an 

avidin bridge. Gene transfer was directed specifically to c-Kit-positive 

hematopoietic cell lines, resulting in up to a 2,440-fold increase in 

luciferase expression with frequencies equivalent to recombinant 

virus infection of permissive cells. Substitution of biotinylated 

antibodies directed against c-Kit, CD34 (binds L-selectin) , and CD44 

(hyaluronate receptor) receptors for biotinylated SCF resulted in 50-, 8-, 

and 260-fold increases in reporter gene expression, respectively, 

demonstrating that infection also could be redirected through 

antibody-antigen interactions and through antigens other than growth 

factor receptors. The versatility of this vector was demonstrated further 

by infection of primary T cells with vectors targeted with antibodies to 

CD44 (resting and activated T cells) and biotinylated IL-2 {activated T 

cells only) . Taken together, directly biotinylated adenovirus 

vectors represent a versatile and efficient method for redirection of 

virus infection to specific cells. 
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The utility of adenoviral vectors for gene therapy is currently limited 
due, in part, to the widespread distribution of the cellular receptor for 
the adenovirus fiber that precludes the targeting of specific 
cell types. In order to develop a targeted adenovirus, it is 
therefore necessary both to ablate endogenous viral tropism and to 
introduce novel tropism. We hypothesized that these two goals could be 
achieved by employing a neutralizing anti- fiber antibody, or antibody 
fragment, chemically conjugated to a cell -specif ic ligand. To 
test this concept, we chose to target the folate receptor, which is 
overexpressed on the surface of a variety of malignant cells. 
Therefore, we conjugated folate to the neutralizing Fab fragment of an 
anti-fiber monoclonal antibody. This Fab-folate conjugate was complexed 
with an adenoviral vector carrying the luciferase reporter gene and was 
shown to redirect adenoviral infection of target cells via the folate 
receptor at a high efficiency. Furthermore, when complexed with an 
adenoviral vector carrying the gene for herpes simplex virus thymidine 
kinase, the Fab-folate conjugate mediated the specific killing of cells 
that overexpress the folate receptor. This work thus represents the first 
demonstration of the retargeting of a recombinant adenoviral 
vector via a non- adenoviral cellular receptor. 
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The role of two receptors, previously proposed to mediate the entry of 
adenoviruses into human cells, the coxsackie and 

adenovirus receptor (CAR) and the major histocompatibility complex 
(MHC) class I heavy chain has been investigated. The expression of MHC 
class I in many tumours is reduced or absent, therefore if this were a 
means by which adenoviruses gained entry into cells, it would 
have important implications for their application in cancer treatment. In 
order to determine if MHC class I heavy chain is involved in 
adenovirus type 5 (Ad5) uptake, the binding of recombinant Ad5 
fibre knob domain (which mediates viral attachment) to human cell lines 
that had greatly different levels of surface MHC class I was 
studied. We also created derivatives of a non-permissive Chinese hamster 
ovary (CHO) cell line that expressed human class I (HLA-A2) and found that 
these cells did not bind fibre or take up virus. In addition, the 
extracellular domain of CAR was expressed in E. coli and used to generate 
a polyclonal anti-CAR antibody. This antibody blocked both 1251 labelled 
fibre knob binding and virus uptake. Thus CAR, and not MHC class I, is a 
receptor for human adenoviruses in cultured tumour cells. 
Tissue CAR levels may therefore be an important factor in the efficiency 
of adenovirus -mediated gene therapy. 
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adenoassociated virus (rAAV) type 2 vectors have been used to 
wide variety of cell types, including hematopoietic progenitor 
cells. For in vivo gene transfer, it is desirable to have an rAAV vector 
that specifically transduces selected target cells. As a first step toward 
generating an rAAV vector capable of targeting delivery in vivo, we have 
engineered a chimeric protein combining the AAV capsid protein 
and the variable region of a single-chain antibody against human CD34 
molecules, a cell surface marker for hematopoietic 

stem/progenitor cells. Inclusion of the chimeric CD34 single-chain 
antibody-AAV capsid proteins within an rAAV virion significantly 
increased the preferential infectivity of rAAV for the CD34 + human 
myoleukemia cell line KG-1, which is normally refractory to rAAV 
transduction. Antibodies against the single-chain antibody and the 
protein blocked this transduction. This chimeric vector represents 
significant improvement in the host range of rAAV and the first step 
toward specific gene delivery by rAAV vectors to cells of choice, in this 
case, hematopoietic progenitor cells, for the treatment of human disease. 
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AB To present short protein sequences to the host immune system a foreign 
epitope has been expressed on the surface of the 
adenovirus virion as part of the hexon. As the trimeric hexon 
constitutes 240 out of the 252 capsomers of the virus, the foreign epitope 
is repeated 720 times on the virion surface. An eight amino 
acid sequence from the major antigenic site in the VP1 
capsid protein of poliovirus type 3 was engineered into two 
regions of the adenovirus type 2 hexon. The two loop regions 
chosen to accommodate the foreign sequences are exposed on the 
surface of the virion, show sequence variation between serotypes 
and are the sites of interaction with neutralizing antibodies. Virus with 
substitutions in loop I had wild- type growth characteristics, whereas 
virus with substitutions in loop II grew poorly. Adenoviruses 
with poliovirus sequences in loop I were recognized and efficiently 
neutralized by antisera specific for the poliovirus sequence; an antiserum 
raised against the adenovirus with the poliovirus insert 
specifically recognized the VP1 capsid protein of poliovirus 
type 3. It is therefore feasible to alter the surface 
properties of the adenovirus virion and in doing so to 
manipulate the immune response to this virus. 



